Two volatility indexes, VIBEX and VIBEX-NEW, are calculated for the Spanish financial market by using a non-model free, and a model free methodology, respectively. VIBEX-NEW index is worthy of being chosen first, due to liquidity problems in Spanish option market on IBEX35. Daily changes in this index has a negative relationship with IBEX35 current returns, so it can be considered like a measure of the current risk perception in the market. This negative relationship doesn't change with ups and downs in volatility index, or different sign in IBEX35 return, so VIBEX-NEW information capability stand over the time in different market conditions. As we would expect, the negative relationship between returns and changes in VIBEX-NEW is quantitatively more important in the high volatility regime, it is, in the high volatility expectations periods. Finally, we find that daily changes in the volatility index are positively related to daily changes in future IBEX35 realized volatility, although the high mean forecasting error suggests that forecasting ability of VIBEX-NEW could be questioned. JEL: C53, G13, G15
Introduction
The volatility of fluctuations in stock indices are of utmost importance in the operation of financial markets. The best known volatility index, VIX, was introduced in 1993 to measure the market expectations of near term volatility in the US market, computed under the methodology described in Whaley (2000) . Under this approach, the volatility implied in near term options on SP100 are used to infer the value of the VIX index according to a certain aggregation formula. Since a valuation model is used, it is called a non-model free methodology. More recently, CBOE has introduced a new methodology for calculating VIX index, considering the information content in the price of stock index options in a wide range of strike prices, not just at-the-money strikes as in the original VIX. The SP500 is used as the underlying asset, instead of the SP100. In this case a valuation model is unnecessary, so it is a model-free methodology for computing the volatility index.
Although numerical differences between volatility indexes from both methodologies are not relevant, there are significant differences between both procedures. The model-free methodology is simpler than the nonmodel free methodology, allowing for the use of a wider data set in the computation of the volatility index. The increased simplicity also allows for issuing derivatives on volatility indexes, while the wider data set makes much easier the estimation of a volatility index in non-liquid option market, because of the scarce non-contaminated information in those markets.
Trading frequency in Spanish option market on IBEX35 futures is not very high, to the point tat it seems safe to claim that it is a low-liquidity option market. The only previous reference on volatility index estimation in Spanish financial market is Giner y Morini (2004) . These authors consider the Whaley (2000) methodology and closing implied volatilities in the volatility index calculation. Nevertheless, in non-liquid option markets the implied volatility in closing option premiums is not necessarily a sensible estimate of implied volatility at market closing, because non-zero closing implied volatility usually coexist with zero closing premiums. Indeed, according to CBOE (Chicago Board Option Exchange) a volatility index is an implied volatility index that measures the market's expectation of 30-day S&P500 volatility implicit in the prices of near-term S&P 500 options, so option prices need to be considered, instead of closing implied volatilities in case of conflicting information, as it is usually the case in low-liquidity markets. Volatility indexes are used (i) to learn about current volatility expectations quoted in the market, (ii) to make inferences on current stock index returns, and/or (iii) to anticipate future volatility in returns. A negative and significant relationship between returns and volatility index daily changes has been reported in the literature for different financial markets (see the VIX paper in CBOE URL address), giving some weight to the interpretation of the volatility index as capturing the market perception on the level of risk. The arrival of news to the market, and the implied increase in volume and number of orders crossed may produce the negative relationship between volatility daily changes and stock index returns. In particular, an increase in uncertainty, because of the publication of some economic data, some policy intervention or even some political announce-ment that increases the general perception of risk, may raise the level of volatility in the financial markets, at the same time that induces selling decisions that lead to negative returns. Whaley (2000) , Giot (2005) , and Simon (2003) find a negative contemporary relationship between daily returns and changes in the volatility index for the VIX index and S&P100 returns, as well as for the VXN index and NASDAQ100 returns. Finally, the arrival of bad news may give raise to a larger volatility increase than the arrival of good news of the same relevance. Therefore, if confirmed, the possible asymmetry in the relationship between returns and volatility is an important element to be taken into consideration when using the information in the volatility index information for portfolio management.
Since a volatility index is constructed using implicit volatility estimates from a given set of options, and the forecasting ability of implied volatility measures with respect to future volatility has been object of analysis for a long time, some authors have also examined the same issue for volatility indices. The fact that a volatility index may show a significant, negative relationship with returns does not imply that it is a good predictor of future market volatility. Fleming, Ostdiek y Whaley (1995) , Blair, Poon y Taylor (2001) , Bluhm y Yu (2001) , Moraux, Navatte y Villa (1999) and Jiang y Tian (2005) conclude in favor of the ability of the volatility index to forecast future volatility in stock index returns. Nevertheless, the mean forecasting percentage error (MAPE) generated by using those models is higher than 20% [see Bluhm y Yu (2001) , Doidge y Wei (1998) , Ederington y Guan (2002), Randolph y Najand (1991), or Brailsford y Faff (1995) , among others], suggesting that great care must be taken when using these models for volatility forecasting, which is not usually pointed out in published work.
This article contributes to the literature in a number of ways. First, it is the first time that a volatility index is estimated in the Spanish stock market using a model-free methodology. We start by estimating a volatility index for the Spanish stock market by considering two methodologies, described in Whaley (2000) and D. Brse (2005) respectively, and to evaluate their relative performance, to see whether either one of them should be preferred to the other in the eventual creation of an Spanish volatility index. Then, we analyze the information content in the volatility index, and how it relates to current and future IBEX35 returns, as well as the ability of the volatility index to forecast IBEX35 volatility in the short horizons, to see whether its use could be recommended for forecasting purposes.
We find that the D. Brse (2005) methodology is the most convenient to estimate the volatility index, due to reduced liquidity in the Spanish option market. On the other hand, we confirm the existence of a negative relationship between IBEX35 current returns and VIBEX-NEW daily changes, so that VIBEX-NEW can in fact be interpreted as a gauge of Spanish investor fears. We find that this negative relationship is symmetric with respect to ups and downs in the volatility index, as well as to the sign of the market return. Finally, the negative relationship between returns and changes in VIBEX-NEW is shown to be quantitatively more important in high volatility periods. Finally, we find that daily changes in the volatility index are positively related to daily changes in future IBEX35 realized volatility.
The Spanish volatility index
In this section two common methodologies are used in order to obtain the Spanish volatility index. Each methodology uses a different data set, and aggregation technique for obtaining the volatility index.
The first methodology was proposed by Whaley (2000) to obtain the US VXO volatility index by aggregating the implied volatilities in ATM (at the money) options. Other international volatility indexes, like the German VDAX, and volatility indexes proposed in literature like the VIBEX, a Spanish volatility index estimated by Giner y Morini (2004) , have been estimated by considering this methodology. Nevertheless, we consider that we have to be very careful when Whaley (2000) methodology is implemented in non-liquid option markets in order to obtain a volatility index because closing implied volatilities cannot be equivalent to implied volatilities in closing prices. When the option market is non-liquid non-zero closing implied volatilities and zero closing prices coexist, and the first are used in volatility index calculus, despite zero closing prices. The use of this information has sense? we don't think so, because the implied volatility is a concept directly related to the market option price. Therefore, in this article we first intend to estimate a volatility index for the Spanish financial market by considering Whaley (2000) methodology, and only the implied volatility in non-zero closing option market prices in order to consider only information traded by the market.
The second is a model-free methodology. The new US VIX, and European volatility indexes like German VDAX-NEW and VSMI are computed by using this methodology. According to this, an option valuation model is not necessary and only option prices, instead of implied volatilities, are used in volatility index calculation. It has been performed in recent years and, among other advantages, it is a more simply, allowing us to issue derivatives on a volatility index. This is one of the reason by which US CBOE estimates its volatility index by using a model-free methodology. On the other hand, by using this methodology a higher data set can be considered in the process because not only ATM options are taken into account, which is worthy in non-liquid option markets.
Data
The empirical analysis is based on daily closing information of options and futures on IBEX35 futures from January 1999 to March 2007. Bid and ask closing price for each option and future, and the strike price and maturity for each option is provided by MEFF RV in http://www.meff.com, where following files were downloaded: hp99000i. zip, hp00000i.zip, hp011q0i.zip, hp01000i.zip, hp021s0i.zip, hp02000i.zip, hp0301s0i.zip, hp03000i.zip, hp041s0i.zip, hp04000i.zip, hp051s0i.zip, hp05000i.zip 
Estimating volatility indexes in Spanish option market
Horizon in volatility indexes calculation is 22 trading days horizon, as it is the case with the US VXO and VIX volatility indexes or the Swiss VSMI index.
I. Whaley (2000) methodology and non-zero closing option prices
We follow steps described in Table 3 to estimate the volatility index. Each column in Table 3 is referring to one step in the process. As we can see in the table, daily VIBEX calculation is made by aggregating the implied volatility in eight ATM option premiums (four call and four put options) having as maturity one day before and one day after 22 trading days. A briefly description of the methodology is following presented: in a first step we define the T1 maturity as the previous to the forecast horizon H, and the T2 maturity as the next forecast horizon. Second, we select strike prices K− and K+, below and above the ATM strike prices at each of the two maturities considered K01 and K02. Third, we estimate the implied volatility in each call and put premium (C and P, respectively), and aggregate them first for a given strike price, and then according to time to maturity. The aggregation for a given strike is made through steps (2) and (3) in Table 3 , while the aggregation through time to maturity is done as described in step (4) in that table.
[Include here Table 3] Giner y Morini (2004) call VIBEX to the volatility index they estimate by using Whaley (2000) methodology. Since we also use Whaley (2000) methodology we also call VIBEX to the index we obtain, despite some additional adjustments are made here. Finally, according to sample we have, VIBEX is computed from January 4, 1999 to March 31, 2007. The first row of Figure 1 shows daily VIBEX index. 
II. D.Brse (2005) methodology
The model-free methodology in the volatility index calculation is based on the described in D. Brse (2005) . By using this methodology (i) implied volatilities are not used, but option prices reducing the measurement error, and (ii) option time to maturity needed in the aggregation formula is measured in seconds, which eliminates some anomalous intraday behavior in implied volatility which was observed under the previous methodology. In fact, this second point does not play any role in our estimation because we implement it at market closing, when time to maturity is common to all options considered. It is nevertheless important to point out the relevance of this change in intraday estimation of the volatility index. Third, (iii) this methodology uses a large part of the volatility smile to compute the volatility index, rather than just ATM options, as it was the case with VIBEX, allowing for higher efficiency. These simplifications, together with the interpretation of the new index, facilitates valuation of options defined on the volatility index.
We call VIBEX-NEW to this second volatility index, that is also computed from January 4, 1999 to March 31, 2007. The reader has to know that the data base we use in this process is the same we consider for VIBEX calculation. To calculate daily data for VIBEX-NEW we follow the procedure summarized in Table 4 . Following steps described in this table we can see that we again differ between the time to maturity previous (T1) and next (T2) to 22 trading days. In both cases we calculate the ATM strike price K0,1 and K0,2, but the ATM strike price is now defined in a different way than in Whaley (2000) . Under D. Brse (2005) methodology, we first take as ATM strike price that price for which the call and put premium is more similar. We use this ATM strike price to characterize the set of options that we will use to estimate the volatility index. That selection is made through function MT,K in Table 4 . Then step (3) in the table shows how to use differences in strike prices in the chosen set of options, together with a discount factor, as well as their premiums, to compute a measure of variance for each of the two maturities. These two variances are finally aggregated weighting them by relative time to maturity, as shown in step (4) in the table.
[Include here Table 4] We find that numerical differences are not relevant between VIBEX and VIBEX-NEW and that, although VIBEX cannot be estimated everyday, VIBEX-NEW index can be computed always. The daily serie we estimate for VIBEX-NEW is represented in the second graph of Figure Since the time evolution and the estimated levels of the VIBEX and VIBEX-NEW indices are very similar, and since we find strong difficulties to estimate the former in 8% of the market days in the sample because of liquidity limitations (see graphs (a) and (b) in Figure 1 ), we consider that VIBEX-NEW is the more appropriate volatility index to measure volatility expectations in the Spanish options market. The possibility of issuing options on the VIBEX-NEW index, rather than on VIBEX, is a further motivation for our choice.
VIBEX-NEW reflects volatility expectations?
We explore if VIBEX-NEW reflects volatility expectations attending to how changes in VIBEX-NEW are related with IBEX35 returns. If there is a negative relationship between IBEX35 returns and daily changes in VIBEX-NEW, this could be considered a investor fear gauge indicator.
Contemporary relationship between returns and volatility
First exercise to approximate the contemporary relationship between IBEX35 return and VIBEX-NEW volatility index consists in a scatter diagram of daily IBEX-35 returns against daily changes in the logarithm of the VIBEX-NEW volatility index (see Figure 2 ). The graph suggests that there is a clear and negative relationship between those daily series, so as we expected, an inverse relationship between changes in VIBEX-NEW and IBEX35 quotes is found.
[Include here Figure 2 ] Nevertheless, to asses more precisely the contemporaneous relationship between daily changes in stock prices (through the IBEX-35 market index) and changes in volatility (through the VIBEX-NEW volatility index) we decide to estimate Model 1 in (1), and attending to the statistical value and sign of theβ1 coefficient. Results in Table 1 suggest that market volatility in Spanish financial market is expected to increase in bear periods, and decrease in bull periods. This result is similar to the one by Whaley (2000) and D. Brse (2005) for the US and German volatility indexes respectively, and lets to VIBEX-NEW be a candidate to Spanish volatility index.
The relationship between changes in a volatility index and in the associated stock market index has been studied in a similar way by Whaley (2000) , Giot (2005) , Simon (2003), and Skiadopoulos (2004) , who have found not only a strong connection between these two variables but also, evidence of asymmetry in the relationship. In following subsections we explore two posible asymmetry sources: the sign in the volatility change (ups or downs), and the sign in returns.
Ups and downs in volatility index
Models (2) and (3), denoted by 2 and 3 respectively, are estimated for testing the asymmetry in relationship between returns and volatility changes, dues to ups and downs in volatility index. Model 3 is frequent in the literature, and this assumes that the volatility daily relative change value (∇ ln Z + t ) explains the asymmetry. On the other hand, model 2 suggests that only if the volatility change is positive or not is important Model 2: ∇ ln IBEX35t = β0 + β1∇ ln Zt + β2D
Model 3:
The reader also has to notice that individual coefficients in models 2 and 3 have a different meaning. By estimating Model 2 the asymmetry is content in the intercept term, and by estimating Model 2 the asymmetry is content in the slope of the linear regression. Moreover, as it was mentioned in the previous paragraph, both are different ways to join the sign asymmetry in the model. Despite of those differences, in both models happens that, if the VIX falls by 1.0%, IBEX35 is going to be moved by (β0 +β1) %, and if VIX rises by 1.0% IBEX35 is going to be moved by (β0 +β1 +β2) %. Table 1 presents the estimation results for models 1, 2 and 3 (estimated standard deviations in parenthesis). Following we summarize main obtained results.
We find that models 1 and 3 generate similar adjustment, it is these are similar. First, their residuals have a linear correlation coefficient of almost 1.0, while the correlations between Model 2 and either of the other two models is slightly below 0.98
1 . Second, the expected punctual variation in IBEX-35 when VIBEX-NEW rises and falls 1% is similar in both models: (i) when VIBEX-NEW rises 1.00%, IBEX-35 falls around -.19% according to model 1 (.01-.20), and around -.216% according to model 3 (-.028-.215+.027), and (ii) when VIBEX-NEW falls 1.00%, IBEX-35 rises around .21% according to model 1 (.01+.20), and around .187% according to model 3 (-.028+.215).
On the other hand, despite Models 2 and 3 are estimated for capturing the same characteristic (the asymmetry in the relationship), differences between estimated coefficient values in models 2 and 3 are high, as we initially expected.
We also see that Model 2 fits the data somewhat better, and approximates actual returns better than the fitted values from Model 1. First, the distance between sample standard deviation of the dependent variable, daily IBEX returns, which is 1.320, and residual standard deviations in Model 1 (1.030 ) is less than the distance between sample standard deviation of the dependent variable, and residual standard deviation in Model 2 (1.008), what is a point in favor of Model 2 with respect to Model 1. Second, the Model 2 residual standard deviation is less than the one in Model 1. Third, differences between models 1 and 2 residual time series can be substantial 2 for investors in order to take decisions, as it's reflected in Figure 3 for the first three months of 2007. These arguments suggests to use model 2, instead of model 1, in the IBEX35 fitted return exercise.
[Include here Figure 3 Although we don't include it in this article, a similar graph for residuals from models 1 and 3 doesn't show any noticeable difference between them. This fact, together with the better performance of model 2 with respect to model 1, let us to proceed using Model 2 to represent the relationship between daily returns and changes in the volatility index. According to this model, a 1% increase in the level of the volatility index is associated to a negative return around -.40% (.216-.162-.445=-.391 -.40) , while a 1% reduction in the level of the volatility index would come with a positive return estimated in .38% (.216+.162=.378 .38%), on average 3 Hence, the relationship seems to be quite symmetric, in spite of the statistical significance of the dummy variables in Models 2 and 3.
Positive and negative returns
Models (1), (2) and (3) summarize the most common way for analyzing the contemporary relationship between volatility and returns, where the asymmetry is commonly captured by the volatility change sign. In this subsection we study whether the return sign, instead of the sign in volatility change, can explain an asymmetry relationship between returns and volatility.
We consider model (4) in which the return explains daily changes in volatility. By considering the relationship in (5) and (6), daily changes in the level of the volatility index are explained not only by daily returns, but by the sign of the return. We will again allow for asymmetry by including: (i) a dummy variable for those days in which the market experienced a negative return, and (ii) the negative return, respectively.
Model 5:
Model 6:∇ ln
otherwise] when this was positive. Table 2 shows the results of estimating the three models (estimated standard deviations in parenthesis). The higher VIBEX-NEW standard deviation with respect to the returns explains whyβ1 in models 4, 5 and 6 is greater than one, and the higher error standard deviation in models 4, 5 and 6, with respect to models 1, 2 and 3. According to results, when model 5 is considered, a negative return of 1% is associated, on average, to a 2.36% (β0 − β1 + β2) increase in the level of the volatility index, while a positive return of 1% would be associated, on average, to a reduction in volatility of -2.27% (β0 + β1). On the other hand, according to model 6, a negative return of 1% is associated, on average, to a 2.06% (β0 −β1 −β2) increase in the level of the volatility index, while a positive return of 1% would be associated, on average, to a reduction in volatility of -2.03% (β0 +β1). So, once again, when return sign is considered, we do not detect any sign of asymmetry in the relationship.
Volatility regimes
In this subsection we intend to know if the relationship between volatility index daily changes, and IBEX35 returns might depend on the level of volatility in each moment. It is, a 1% increase in volatility is associated to a larger or smaller negative return depending on what is the level of volatility on which the 1% increase has been observed?
The graph in Figure 4 plots daily volatility index VIBEX-NEW, and daily conditional mean for 246 previos trading days. The graphic suggests two possible volatility regimes in the sample: the first from the beginning of the serie to around the end of 2003, and the second from here to the last volatility index data we have on March 2007. Nevertheless, we explore that possibility by estimating a threshold regression that fits model in (2), splitting the sample at different levels of volatility, and computing the one for which the aggregate sum of squares from the two implied subsamples is lowest. A threshold level of volatility of 21 provides the optimal model fit when 1999-2007 sample is considered. In this case, the aggregate sum of squares is equal to 1896.6, 11% less than the sum of squares that is obtained form a single regression with the whole sample. Estimated models are ∇ ln IBEX35t = .122 where grey line in Figure 4 supports the fairly homogeneous sample split, since there are 1017 sample observations in the low volatility regime, and 1060 sample observations in the high volatility regime. It is relevant, because of the adequate estimation results.
[Include here Figure 5] According to these estimates, a 1% increase in the level of the volatility index 4 comes together with a fall in the index of around -.08% (.122-.125(1.0)-.079 ) in the low volatility regime, but a much higher fall, of -.67% (.337-.191(1.0)-.814) in the high volatility regime. A given increase in the market perception of risk negatively affects prices, the effect being larger when it occurs on an already high level of volatility. A 1% reduction in the level of volatility would usually come together with a positive return around .25% (.122-.125(-1.0)) in the low volatility regime, and with a positive return of .53% (.337-.191(-1.0)) in the high volatility regime. Again, the relationship is quantitatively more important in the high volatility regime.
4 Can VIBEX-NEW be used to forecast future returns?
Current Spanish volatility index can anticipate some particularities on future returns? This idea is explored by Giot and Campbell and Shiller, who try a semiparametric approach we implement in this section. The procedure is as follows: at each point in time, we use the previous 2 years of market observations (500 data points) to compute the observed range of the volatility index. We then split the range into 20 equal length intervals and assign to the current date a number between 1 and 20, defined by the interval inside which the current volatility index is included. In fact, today could also have a 0 label, if today's volatility index is lower than any value observed in the previous two years, and a 21 label, if it turns out to be higher than any value observed in that period. Once we have that classification, we examine the median return over a given horizon. We have computed the median return after : 1-, 5-, 10-, 15-, 22-, 60-and 90-days, corresponding to forecast horizons of one day, one, two and three weeks, and one, two and three months. Figure 6 shows the relationship between volatility range (from 0 to 21) and the mean IBEX35 return for 1, 5, 15 and 22 next sessions. First, the relationship between volatility level and IBEX35 returns is more irregular when higher levels of volatility and shorter time horizon are considered. Therefore it is difficult to conclude about a systematic relationship between them.
[Include here Figure 6 ] Second, Figure 7 summarizes the results for the longer horizons. There is quite robust evidence pointing out to the fact that days with volatility index in the very high intervals of the historical volatility partition tend to anticipate positive market returns at 1-, 2-and 3-month investment horizons. The probability that this result, for the 2-and 3-month periods, may be due to pure chance is negligible.
[Include here Figure 7] Previous results suggest that VIBEX-NEW can inform about future return volatility. For knowing about the forecasting ability of this VIBEX-NEW measure we have to use a different methodology than the semmiparametric. The VIBEX-NEW forecasting capability is deeply analyzed in the next section.
Can VIBEX-NEW be used to forecast volatility?
In this section we explore the ability of VIBEX-NEW to anticipate the IBEX35 volatility. First, we calculate the approximate IBEX-35 real-ized volatility by using the standard deviation of daily 5 IBEX-35 returns {rt} N t=1 according to (9):
We continue by evaluating the goodness of fit of the volatility index to explain future volatility by estimating with the whole sample the ex-post linear relationship (10) relating IBEX35 returns to VIBEX-NEW. This is an ex-post analysis that could not be implemented in real-time because we use the whole sample to estimate the relationship and hence, it would not be of much help in actual portfolio management.
We estimate the model in logged variables, since this transformation has sometimes been shown to produce better results then the similar model in level variables Jiang y Tian (2005) . The logarithmic transformation helps to homogenize variables which are constructed from different data sources, here IBEX-35 returns and option prices, before attempting to relate them to each other.
At this time we consider two additional volatility indicators and compare their goodness of fit with that of VIBEX-NEW. These alternative volatility indicators are: (i) a common implied volatility indicator, called IVP*C, and (ii) a benchmark volatility indicator, called Bmk22. The IVP*C daily data is calculated as the average of the IBEX-35 implied volatility from call options, quoted during each daily trading session. So, IPVP*C uses intra-day option data. The Bmk22 daily data is the standard deviation of the 22 past IBEX-35 daily returns, so it is the nonoverlapping lagged value of DT22. To test the forecasting ability of the three volatility indicators we test three parametric hypothesis on model (10): i) H0 : β1 = 0 against H1 : β1 = 0, to conclude if current changes in the volatility index contain information on future DT22 changes, ii) H0 : β1 = 1 against the alternative H1 : β1 < 1, to conclude about the relative size of daily changes in DT22 and VIBEX-NEW, iii) H0 : β0 = 0, β1 = 1 against H1 : β0 = 0 , β1 = 1 to examine possible biases in the volatility predictor.
[Include here Table 5] The slope of the linear relationship estimates the daily change in DT22, when the volatility indicator changes by 1 point. This parameter can be considered different from zero for all the volatility indicators and data samples. It is usual in the literature to use this statistical result to conclude in favor of the forecasting ability of the volatility indicator, often without actually performing a forecasting exercise. We prefer to take into account some additional aspects of the estimated relationship between realized volatility and the volatility index. First, β1 is estimated as positive, but less than one, in all cases. A slope below one means that the market's perception of risk (the volatility index) exhibits wider fluctuations than realized volatility (represented by DT22), which could be due to the uncertainty about the future value of the realized volatility.
Finally, since β0 and β1 are not equal to zero and one, respectively, our estimates suggest the existence of a significant forecasting bias in the three volatility indicators considered, VIBEX-NEW, IVP*C, Bmk22. To estimate the size of that bias, we compute Mean Absolute Percent Errors (MAPE) of the differences between DT 22t and each volatility indicator at time t. These would be the MAPE values of forecast errors if we directly used each day the value of the volatility indicator as a predictor of future realized volatility, over the next month, as indicated by DT 22t.
[Include here Table 6] MAPE values in the Table 6 suggest that VIBEX-NEW, when used by itself, is a better predictor of future IBEX volatility those years when volatility forecasts are uniformly better. However, years when future volatility is harder to predict (higher MAPE values), VIBEX-NEW performs even worse than alternative volatility indicators, used again by themselves as predictors of future volatility. In any event, MAPE values are generally above 20%, which seems as too large a level of forecast error.
If the estimated relation between the volatility indicator and DT22 was stable over the time, we could hope to correct the forecasting bias in the volatility indicators VIBEX-NEW, IVP*C and Bmk22. Although we address this point in the next sub-section, Table 5 already suggests that β0 and β1 might be unstable over the time, since parameter values in the third and fourth column of the table are noticeably different, especially for VIBEX-NEW and IVP*C. In any case, we can confirm that VIBEX-NEW daily movements, as well as those in Bmk22 and IVP*C, are positively related with daily movements in future realized volatility, a minimum requirement for a volatility indicator to have as potential predictor of future volatility. Table 6 suggests, indeed, the possibility of significant time variation in the parameters of the relationship between the volatility index and future realized volatility. Any possible time variation in the β0 and β1 parameters should be taken into account when forecasting future volatility. We re-estimate daily model 10, using the past 250 daily VIBEX-NEW data and 250 daily DT22 data observations. So, once again, we are relating the volatility index at time t with the standard deviation of returns over the one-month horizon that follows. 6 . Confidence intervals 7 using Newey-West correction for standard deviations are also graphed. The evidence on β1 being different from zero is clear. This parameter remains below one and positive during all the sample, as it is the case with the whole sample. Secondly, the time paths in figure 8 shows that the values of β1 an β0 vary significantly over the time, suggesting the difficulty of using a linear relationship estimated under the stability assumption to generate an unbiased volatility forecast.
[Include here Figure 8] The bias correction needs of some time varying procedure. We proceed by estimating the relationship between the volatility index and future realized volatility (11) applying a rolling to our sample. Specifically, we estimate each day the model excluding the last 22 data points, since DT 22t−j, j = 1, 2, ...22 is not observable at time t, and use 45 data points, corresponding to [t-66;t-22 ] to estimate the model 8 . We then compute the annual average of average percent absolute errors (MAPE), shown in the left column of the table for each volatility indicator. We run an alternative exercise that does not need to omit any observation by estimating model:
In this case, DT 22t−22 is known at time t, so we can use the 45 data points in the time interval [t-44,t] for estimation. This equation would not be of much use in real time, since it relates two variables which are both observed at time t, so there is not any interest in predicting either one. What is interesting is that if we use α0 and α1 in model (11) to forecast future realized volatility, we obtain better results than by using model (11) itself. MAPE values calculated for the prediction generated by this modified forecasting exercise are shown in the right column for each volatility indicator, being systematically below those obtained using model (10) directly. But what is really important in the table is the fact that average MAPE is never below 20%, and it can get above twice that level, which is clearly unacceptable for precise portfolio management 9 .
[Include here Table 7] Summarizing, even though daily changes in volatility indicators are positively related with daily changes in future realized volatility, MAPE values reported in Table 6 show that the forecasting ability of VIBEX-NEW with respect to future realized volatility can be questioned because of the higher mean forecasting error magnitudes. Besides, this negative 6 To analyze the forecast ability of IVP*C we use the shorter 2001 to 2005 period, because we have problems for a more recent period, due to the problems with data format from November 2005 on 7 A confidence level of 95% is considered.
8 In fact, we use the last 44 observations each day. 9 Even though, in private conversations, market traders often make the point that volatility predictions with errors of even 50% would be informative result is not specific of VIBEX, since it can be applied to other volatility indicators as well. The existence of a relationship between daily observations of IBEX-35 returns and log changes in the VIBEX-NEW leaves open the possibility of finding a way to exploit that relationship for volatility forecasting purposes, our results suggest that such a forecasting mechanism should be significantly more sophisticated than the one used in this section.
Conclusions
In this article a daily volatility index is proposed for the Spanish market, the VIBEX-NEW. This volatility index is estimated by using the model free methodology provided by Eurex to estimate the German (VDAX-NEW) and Swiss (VSMI) volatility indices. The simplicity of this methodology makes it specially suitable to estimate a volatility index in a lowliquidity market like the options market on the IBEX35 index. We have also shown that the information requirements are weaker than for a previous methodology used to estimate volatility indices in international markets. In the case of a still not very liquid option market, like the Spanish, this is an important feature, that it enables us to compute the volatility index for a significantly higher percentage of market days using the new than the old methodology. After constructing the VIBEX-NEW index, our purpose has been to analyze its information content regarding the evolution of the underlying market.
There are essentially two ways to interpret the volatility index: on the one hand, market participants are actively forecasting the future level of volatility, and their forecasts are reflected in a volatility index computed using options on IBEX with a given maturity. Alternatively, the volatility index can be though of as capturing the sentiment of market participants regarding the level of risk. There are different ways to test between these two alternative views of the volatility index. One has to do with the forecasting ability of the index regarding future realized IBEX volatility over the residual life to maturity of the options used to compute the volatility index. This should be relatively important under the first view, while being irrelevant under the alternative view. In fact, if the volatility index is shown not to have any ability to forecast future realized volatility, one would be forced under the first approach to believe that market participants have that same lack of forecasting ability, an undoubtedly strong statement. Under the alternative view, we would expect a relatively strong contemporaneous relationship between market return and the volatility index, with the level of the latter having essentially no role to predict future volatility.
After constructing the volatility index, we have started by documenting its negative, strong contemporaneous relationship with IBEX returns using daily as well as weekly data. Such a relationship does not exist for alternative implicit or conditional volatility indicators, which shows the better behavior of VIBEX-NEW to capture market's risk sentiment, and it suggests the possibility of issuing derivatives defined with VIBEX-NEW as the underlying asset, in order to improve risk management. We have shown this relationship to be essentially contemporaneous, and to depend on the level of volatility, being quantitatively stronger for higher volatility levels. By using semiparametric techniques, we have detected robust evidence that high levels of volatility tend to anticipate positive returns over investment periods beyond one month.
We have also shown VIBEX-NEW to be a biased estimator of volatility, as well as the difficulty in correcting for this bias, which makes the index a poor predictor of future volatility. This negative empirical observation goes along the lines of results obtained with similar indices in other countries. On the other hand, we have shown that the same difficulty arises when using a variety of alternative volatility indicators to forecast volatility in the Spanish market. Together with the negative and strong contemporaneous relationship to market's return, it supports the alternative interpretation we advanced above: the volatility index plays a good role in capturing the perception of risk. According to this view, stock market participants seem to pay more attention to current conditions than to anticipate future fluctuations. 
(1) 
Premium
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Formulae:
) MT 1 ,K and MT 2 ,K functions:
if Kj > K0,1.
, R1 = e r 1 T 1 , and F1 = K0,1 + R1(C(T1, K0,1) − P (T1, K0,1))
, R2 = e r 2 T 2 , and F2 = K0,2 + R2(C(T2, K0,2) − P (T2, K0,2)) Table 6 : MAPE (%) of the forecasting error generated by each volatility indicator. 1997  38  -31  1998  43  -38  1999  61  -30  2000  28  -22  2001  20  19  30  2002  26  21  22  2003  41  33  25  2004  41  34  34  2005  27  22  21  2006  30  -36  1997-2006 36 -29 
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